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Description 

Time:  2.5  h.  You  may  take  an 
additional  0.5  h to  complete  the 
examination. 

Total  possible  marks:  70 

This  is  a closed-book  examination 
consisting  of 

• 37  multiple-choice  and  12  numerical- 
response  questions,  of  equal  value, 
worth  70%  of  the  examination 

• 2 written-response  questions,  worth  a 
total  30%  of  the  examination 

This  examination  contains  sets  of 
related  questions.  A set  of  questions 
may  contain  multiple-choice 
and/or  numerical-response  and/or 
written-response  questions. 

A tear-out  data  sheet  is  included  near  the 
back  of  this  booklet.  A Periodic  Table 
of  the  Elements  is  also  provided. 

The  blank  perforated  pages  at  the  back 
of  this  booklet  may  be  tom  out  and  used 
for  your  rough  work.  No  marks  will  be 
given  for  work  done  on  the  tear-out 
pages. 


Instructions 

• Fill  in  the  information  required  on 
the  answer  sheet  and  the 
examination  booklet  as  directed  by 
the  presiding  examiner. 

•You  are  expected  to  provide  your 
own  scientific  calculator. 

• Use  only  an  HB  pencil  for  the 
machine-scored  answer  sheet. 

• If  you  wish  to  change  an  answer, 
erase  all  traces  of  your  first  answer. 

• Consider  all  numbers  used  in  the 
examination  to  be  the  result  of  a 
measurement  or  observation. 

• Do  not  fold  the  answer  sheet. 

• The  presiding  examiner  will  collect 
your  answer  sheet  and  examination 
booklet  and  send  them  to  Alberta 
Education. 

• Read  each  question  carefully. 

• Now  turn  this  page  and  read  the 
detailed  instructions  for  answering 
machine-scored  and  written- 
response  questions. 


Multiple  Choice 


Examples 

Calculation  Question  and  Solution 


• Decide  which  of  the  choices  best 
completes  the  statement  or  answers 
the  question. 

• Locate  that  question  number  on  the 
separate  answer  sheet  provided  and 
fill  in  the  circle  that  corresponds  to 
your  choice. 

Example 

This  examination  is  for  the  subject  of 


If  a 121  N force  is  applied  to  a 77.7  kg 
mass  at  rest  on  a frictionless  surface, 
the  acceleration  of  the  mass  will  be 
m/s^. 

(Round  and  record  your  answer  to  three 
digits.) 

F 

a = — 
m 

121  N , 

a = Yfi  jj-g  = 1.5572716 


A.  biology 

B.  physics 

C.  chemistry 

D.  science 

Answer  Sheet 

® • © ® 


Numerical  Response 


Record  1.56  on  the 
answer  sheet ► 
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• Record  your  answer  on  the  answer 
sheet  provided  by  writing  it  in  the 
boxes  and  then  filling  in  the 
corresponding  circles. 

• If  an  answer  is  a value  between  0 and  1 
(e.g.,  0.25),  then  be  sure  to  record  the  0 
before  the  decimal  place. 


Calculation  Question  and  Solution 


A microwave  of  wavelength  16  cm 
has  a frequency  of  ft  x lO'^  Hz. 

The  value  of  ft  is . 

(Round  and  record  your  answer  to  two 
digits.) 


f-x 


f= 


3.00  X 10°  m/s 
0.16  m 


1.875  X 10^ 
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Enter  the  first  digit  of  your  answer 
in  the  left-hand  box  and  leave  any 
unused  boxes  blank. 


Record  1.9  on  the 
answer  sheet 


Correct-Order  Question  and  Solution 

Place  the  following  types  of  EMR  in  order 
of  increasing  energy: 

1 blue  light 

2 gamma  radiation 

3 radio  waves 

4 ultraviolet  radiation 

(Record  your  answer  as  | ^ | ^ | ^ | ^ .) 


Answer:  3142 


Record  3142  on  the 
answer  sheet 
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Written  Response 

• Write  your  answers  in  the  examination 
booklet  as  neatly  as  possible. 

• For  full  marks,  your  answers  must  be 
well  organized  and  address  all  the  main 
points  of  the  question. 

• Relevant  scientific,  technological,  and/or 
societal  concepts  and  examples  must  be 
identified  and  explicit. 

• Descriptions  and/or  explanations  of 
concepts  must  be  correct  and  reflect 
pertinent  ideas,  calculations,  and 
formulas. 

• Your  answers  should  be  presented  in  a 
well-organized  manner  using  complete 
sentences,  correct  units,  and  significant 
digits  where  appropriate. 


Scientific  Notation  Question  and 
Solution 


A hydrogen-like  atom  whose  3-2  transition 
emits  light  at  164  nm  would  have  an 
value  of  -a.b  x 10”^^^  J.  The  values  of 

a,  b,  c,  and  d are . 

(Record  your  answer  as  [¥j  [cj  [^ .) 

Answer:  Ej  = - 8.7  x 10“^^  J 


Record  8718  on  the 
answer  sheet 
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1.  The  physical  quantity  that  can  have  the  same  unit  as  impulse  is 


A.  force 

B . work 

C.  power 

D.  momentum 


Use  the  following  information  to  answer  the  next  two  questions. 


A 5.00  kg  object  is  dropped  from  a height  above  the  ground.  When  the 
object  is  4.00  m from  the  ground,  it  has  a speed  of  9.00  m/s.  The  potential 
energy  of  the  object  is  chosen  to  be  zero  at  ground  level  and  the  effects  of  air 
resistance  are  ignored. 


2.  What  is  the  total  mechanical  energy  of  the  falling  object? 


A. 

6.30  J 

B. 

196  J 

C. 

202  J 

D. 

399  J 

Numerical  Response 


Use  your  recorded  answer  for  Multiple  Choice  2 to  solve  Numerical  Response  1. 


The  object  was  dropped 
ground. 

(Round  and  record  your 


from  an  initial  height  of 
answer  to  three  digits.) 


m above  the 


1 


3.  A space  shuttle  astronaut  has  a mass  of  1 10  kg  with  her  space  suit  on.  She  is  on 
a space  walk  and  picks  up  a full  can  of  spray  with  a mass  of  20  kg.  Relative  to  the 
spaee  shuttle,  she  is  at  rest.  She  then  holds  the  ean  directly  in  front  of  her  centre  of 
mass  to  avoid  rotation  and  releases  3.0  kg  of  spray  at  a speed  of  15  m/s.  Her  speed, 
relative  to  the  space  shuttle,  when  she  has  stopped  spraying  is  approximately 


A. 

0.35  m/s 

B. 

0.41  m/s 

C. 

2.3  m/s 

D. 

2.5  m/s 

Use  the  following  information  to  answer  the  next  question. 


A popular  game  of  young  ehildren  is  to  shuffle  aeross  a earpet  with  stocking 
feet  and  then  touch  a friend.  The  spark  that  can  be  generated  is  caused  by  a 
charge  buildup  from  the  friction  of  the  socks  on  the  carpet. 


4.  Two  friends,  Sam  and  Jeff,  shuffled  on  a carpet  and  obtained  approximately  the 
same  negative  charge.  They  then  stood  shoulder  to  shoulder  without  touching. 
A third  friend,  Cale,  who  was  not  charged,  touched  Jeff  on  the  shoulder  farthest 
from  Sam.  What  is  the  nature  of  the  final  charges  on  the  three  boys? 

A.  Sam,  Jeff,  and  Cale  are  all  negatively  charged. 

B.  Jeff  and  Cale  are  uncharged,  and  Sam  is  negatively  charged. 

C.  Sam  and  Cale  are  negatively  charged,  and  Jeff  is  positively  charged. 

D.  Sam  is  negatively  charged,  and  Jeff  and  Cale  are  positively  charged. 


5.  Three  pithballs  hang  in  an  isolated  container.  Ball  X has  a charge  of  l.Ox  10“®C, 
and  balls  Y and  Z are  neutral.  Ball  X is  brought  momentarily  into  contact  with 
ball  Y,  then  separated.  Ball  Y is  then  brought  momentarily  into  contact  with  ball  Z, 
then  separated.  When  placed  1.0  m apart,  balls  X and  Z will  now  exert  a force  on 
each  other  of  magnitude 


A. 

1.0  X 10^^ 

B. 

1.1  X 10“® 

C. 

2.2  X 10“® 

D. 

9.0  X 10-'’ 

2 


Numerical  Response 


m Two  charged  bodies  exert  electrostatic  forces  on  each  other  of  magnitude 
1.1 1 X 10“^  N.  If  the  magnitude  of  each  charge  is  doubled  and  the  distance 
separating  them  is  doubled,  then  the  magnitude  of  the  electrostatic  force, 

expressed  in  scientific  notation,  is  b x 10~^  N.  The  value  of  b is 

(Round  and  record  your  answer  to  three  digits.) 


Numerical  Response 


E9  In  moving  an  electric  charge  of  4.00  C from  point  X to  point  Y,  15.0  J 
of  work  is  done.  The  potential  difference  between  X and  Y,  in  volts, 
is V. 

(Round  and  record  your  answer  to  three  digits.) 


Use  the  following  information  to  answer  the  next  question. 


Light  Bulbs 


12  V 
Battery 


Circuit  X Circuit  Y 

The  bulbs  have  identical  resistances,  and  the  batteries  are  identical. 

6.  Which  of  the  following  statements  best  describes  the  diagram  above? 


A.  Circuit  Y dissipates  more  power  than  does  circuit  X. 

B . The  current  in  circuit  Y is  larger  than  the  current  in  circuit  X. 

C.  The  current  in  circuit  Y is  the  same  as  the  current  in  circuit  X. 

D.  The  current  in  circuit  Y is  smaller  than  the  current  in  circuit  X. 
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Use  the  following  information  to  answer  the  next  question. 


Electric  Field 


The  parallel  arrows  represent  the  direction  of  an  electric  field. 


7.  An  electron  is  placed  at  point  P.  It  will  accelerate  toward  region 

A.  I 

B.  II 

C.  Ill 

D.  IV 


8.  The  volt  is  the  SI  unit  of  potential  difference.  An  equivalent  SI  unit  may  be 
written  as 

A.  J/A 

B.  J/C 

C.  N/C 

D.  PJQ. 
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9.  Which  of  the  following  is  a definition  of  conventional  direct  current? 

A.  A movement  of  negative  charge  in  one  direction  only 

B . A movement  of  positive  charge  in  one  direction  only 

C.  A shift  of  negative  charge  that  reaches  a peak  in  the  forward  direction  before 
reversing  and  reaching  a peak  in  the  reverse  direction 

D.  A shift  of  positive  charge  that  reaches  a peak  in  the  forward  direction  before 
reversing  and  reaching  a peak  in  the  reverse  direction 


Use  the  following  information  to  answer  the  next  two  questions. 


Torpedo  occidentalis  is  a large  electric  fish  that  uses  electricity  in  attack 
and  defense.  A typical  individual  fish  is  capable  of  producing  potential 
differences  of  up  to  220  V and  of  generating  pulses  of  15.0  A current  through 
its  seawater  environment.  Pulses  are  typieally  2.00  x 10”^  s in  duration. 


10.  The  total  charge  transferred  by  the  fish  in  one  of  these  pulses  is 


A.  3.00  X 10“2  C 

B.  4.40  X 10”'  C 

C.  3.00  X 10^  C 

D.  3.30  X 10^  C 


Numerical  Response 


m The  maximum  eleetrical  work  done  during  one  pulse  is J. 

(Round  and  record  your  answer  to  three  digits.) 
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11.  If  the  resistance  of  a circuit  is  halved  and  the  voltage  applied  to  the  circuit  is 
doubled,  then  the  current  in  the  circuit  is 


A.  the  same 

B . quartered 

C.  doubled 

D.  quadrupled 


Use  the  following  information  to  answer  the  next  four  questions. 


Electric  Circuit 


15.0  A fuse 


The  above  diagram  represents  a possible  electric  circuit  in  a home.  (Assume 
the  wires  are  of  negligible  resistance.) 


12.  When  the  switch  is  closed,  the  above  circuit  can  be  correctly  described  as 

A.  two  series  lights,  in  series  with  the  two  outlets 

B . two  parallel  lights,  in  series  with  the  two  outlets 

C.  two  series  lights,  in  parallel  with  the  two  outlets 

D.  two  parallel  lights,  in  parallel  with  the  two  outlets 
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13.  A 1.00  X 10^  W toaster  is  plugged  into  one  outlet  of  the  circuit  and  switched  on. 
Both  lights  are  on.  The  maximum  power  rating  for  a kettle  that  could  be  plugged 
into  the  other  outlet  and  switched  on  without  burning  out  the  fuse  is 


A.  T.OOxlO^W 

B.  8.00  X 10^  W 

C.  1.00  X 10^  W 

D.  1.50  X 10^  W 


Numerical  Response 


^2  When  a LOO  X 10^  W toaster  is  plugged  into  one  of  the  outlets,  the  current  in 

the  toaster  is A. 

(Round  and  record  your  answer  to  three  digits.) 


Numerical  Response 


At  a rate  of  6.7l0/(kW«h),  the  cost  of  operating  the  1.00  x 10^  W toaster  for 

1.10  minutes  a day  for  30  days  is 0. 

(Round  and  record  your  answer  to  three  digits.) 
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Use  the  following  information  to  answer  the  next  three  questions. 


Mass  Spectrometer 


+ - + 5 Field  5 Field 


acceleration  ; » ; ' and 

chamber  Ion  separation  counting 

chamber  ^j^^^^er 


A biochemist  uses  a mass  spectrometer  to  identify  pollutants  in  a water 
sample.  A mass  spectrometer  typieally  consists  of  four  chambers,  as  shown 
above. 


14.  Why  do  ions  of  only  a certain  speed  pass  through  the  velocity  selection  chamber 
undeflected? 

A.  Only  these  ions  possess  the  charge  needed  to  be  undeflected  by  the  fields. 

B . The  electric  field  strength  is  the  same  as  the  magnetic  field  strength. 

C.  Ions  travelling  at  other  speeds  have  insufficient  to  pass  through  the 
chamber. 

D.  The  net  deflecting  force,  from  the  electric  and  magnetic  fields,  is  zero 
for  only  these  ions. 
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Use  the  following  additional  information  to  answer  the  next  two  questions. 


The  biochemist  has  the  spectrometer  set  as  follows: 


• Velocity  selection  chamber: 

|£ 

II 

to 

■o 

X 

lO'*  V/m 

= 9.00  X 

10^^  T 

• Ion  separation  chamber: 

Bl 

= 1.40  T 

deflecting  radius 

= 1.00  m 

At  these  settings,  an  ion  is  detected.  The  biochemist  expects  the  ion  to 

of  the  ions  listed  below.  The  mass  corresponding  to  each 

ion  is  given. 

Cr^'^ 

8.64  X 

kg 

1.86  X 10”^^ 

kg 

3.33  X 10“^^ 

kg 

Pb^'" 

3.44  X 10“^^ 

kg 

15.  Which  of  the  above  pollutants  is  detected  by  the  spectrometer? 


A. 

Cr^'" 

B. 

Cd^+ 

C. 

Hg^-^ 

D. 

Use  the  following  additional  information  to  answer  the  next  question. 


In  the  ion  generation  and  acceleration  chamber,  atoms  in  the  sample  are 
ionized  by  bombarding  them  with  electrons  to  remove  outermost  electrons. 
The  biochemist  must  have  the  accelerating  voltage  in  the  electron  gun  set 
high  enough  to  ensure  ionization  of  the  particles. 


16.  Which  of  the  following  physical  principles  must  be  used  to  calculate  the  value  of 
the  accelerating  voltage  in  the  electron  gun? 

A.  Ohm’s  law 

B.  Coulomb’s  law 

C.  Conservation  of  energy 

D . Conservation  of  momentum 
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Use  the  following  information  to  answer  the  next  two  questions. 


Current  Overload 


An  electric  motor  needs  to  be  protected  from  overheating.  The  graph  shows 
the  time  at  which  motor  shutdown  will  occur  due  to  overloading  and 
overheating  for  currents  greater  than  100%  of  the  recommended  current. 


17.  If  the  maximum  recommended  input  current  for  the  motor  is  300  A,  the 
approximate  time  at  which  shutdown  will  occur  if  the  motor  is  using  150  A is 

A.  never 

B.  4.00  min 

C.  12.00  min 

D.  immediately 

18.  If  the  same  motor  shuts  down  at  8.00  min,  the  current  before  shutdown  is 
approximately 

A.  150  A 

B.  200  A 

C.  600  A 

D.  900  A 
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Use  the  following  information  to  answer  the  next  question. 


In  many  electrically  powered  passenger  trains,  the  input  voltage  from  the 
power  supply  is  not  the  same  as  the  operating  voltage  of  the  electrical 
circuitry  of  the  train. 


Examples: 


Vi 

England 

750 

1 500 

English  Channel 

25  000 

1 500 

Belgium 

3 000 

1 500 

France 

50  000 

1 500 

The  diagram  below  is  a partial  schematic  of  the  electrical  circuitry  of  an 
electric  train. 


AC 

Voltage 


19.  The  component  labelled  A in  the  diagram  is  most  likely  a 


A.  battery 

B.  resistor 

C . generator 

D.  transformer 
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Numerical  Response 


IB  A typical  television  set  requires  2.00  x 10^  V AC  for  its  operation.  Since 

a television  is  plugged  into  a standard  1 10  V outlet,  the  voltage  must  be  increased. 
If  the  ideal  transformer  used  to  increase  the  voltage  has  1.87  x 10"^  turns  of  wire 
on  the  secondary  coil,  then  the  number  of  turns  of  wire  that  must  be  placed  on  the 
primary  coil,  expressed  in  scientific  notation,  is  b x 10^.  The  value  of  b 
is . 

(Round  and  record  your  answer  to  three  digits.) 


20.  The  diagrams  below  show  the  direction  of  a magnetic  field  relative  to  a set 
of  coordinate  axes.  A negatively  charged  particle  travels  across  the  page 
in  the  positive  x direction.  The  magnetic  configuration  that  will  cause 
the  particle  to  bend  in  the  positive  z direction  is 

A.  B. 
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Numerical  Response 


Northern  lights  are  often  observed  in  Alberta  skies.  The  most  common  colour, 
green,  has  a wavelength  of  558  nm.  When  a collision  occurs  between  energetic 
electrons  and  oxygen  atoms  in  the  upper  atmosphere,  the  oxygen  atoms  are  excited. 
To  cause  the  most  common  colour  of  northern  lights,  the  electrons  must  be 
travelling  with  a minimum  speed,  expressed  in  scientific  notation,  of  x 10^  m/s. 

The  value  of  b is . 

(Round  and  record  your  answer  to  three  digits.) 


21.  Accelerating  charges  generate 

A.  electric  waves 

B . magnetic  waves 

C.  longitudinal  waves 

D.  electromagnetic  waves 


Numerical  Response 


Bfl  If  a photon  of  electromagnetic  radiation  has  a frequency  of  1.09  x 10^^  Hz, 

it  has  a wavelength,  expressed  in  scientific  notation,  of  bx  10“’^  m.  The  value 
of  b is . 

(Round  and  record  your  answer  to  three  digits.) 
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Numerical  Response 


yjj  An  explosion  that  produces  a flash  of  light  occurs  at  a distance  of  6.06  km  from 
a group  of  people.  The  minimum  possible  time,  expressed  in  scientific  notation, 
that  elapses  before  the  people  can  see  the  explosion  is  a.hc  x 10“^  s.  The  values  of 

a,  b,  c,  and  d are . 

(Record  your  answer  as  ^ ^ ^ 


22.  Which  of  the  following  sets  of  electromagnetic  radiations  is  arranged  in  order  of 
increasing  photon  frequency? 

A.  Gamma  rays,  ultraviolet  radiation,  radio  waves 

B.  Radio  waves,  ultraviolet  radiation,  gamma  rays 

C.  Gamma  rays,  radio  waves,  ultraviolet  radiation 

D.  Radio  waves,  gamma  rays,  ultraviolet  radiation 
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Use  the  following  information  to  answer  the  next  three  questions. 


A cyclotron  is  a particle  accelerator  used  to  investigate  subatomic  structure. 
Magnetic  fields  are  used  to  eontrol  the  path  of  eharged  particles  within  a cyclotron. 


23.  The  radius  of  the  path  followed  by  charged  particles  moving  perpendicularly 
through  the  magnetic  field  of  a eyclotron  could  be  reduced  by 


A.  increasing  the  strength  of  the  magnetic  field 

B . using  particles  with  a smaller  charge 

C.  increasing  the  speed  of  the  particles 

D.  using  particles  with  a greater  mass 


24.  The  period  T for  a partiele  of  charge  ^ in  a magnetic  field  of  strength  B is 


A. 


2%m 

qB 


B. 

C. 


Km 

qB 

qB 

2K 


D. 


al 

Km 


25.  An  alpha  particle  travels  in  a direction  perpendicular  to  a magnetic  field  of  strength 
1.6  T.  If  the  alpha  particle  experiences  a force  of  magnitude  1.1  x 10~^^  N,  then  its 
measured  speed  will  be 


A.  2.1  X 10“''in/s 

B.  4.3  X lO-’  m/s 

C.  2.1x10^  m/s 

D.  4.3  X 10^  m/s 
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Use  the  following  information  to  answer  the  next  question. 


A Millikan  Experiment 

I + + + + + + I — 

o 


A potential  difference  of  12.0  V is  maintained  between  two  parallel  metal 
plates  that  are  5.00  cm  apart. 


Numerical  Response 


m A mass  with  a +1 .00  elementary  charge  placed  between  the  plates  will  experience 
an  electric  force,  expressed  in  scientific  notation,  of  magnitude  b x 10“’^  N. 

The  value  of  b is . 

(Round  and  record  your  answer  to  three  digits.) 


26.  X-rays  may  be  focused  using 

A.  magnetic  fields 

B . electric  fields 

C.  either  electric  or  magnetic  fields 

D.  neither  electric  nor  magnetic  fields 

27.  In  a photoelectric  experiment,  the  maximum  kinetic  energy  of  photoelectrons 
does  not  depend  on  the 

A.  work  function  of  the  emitting  material 

B . wavelength  of  the  incident  light 

C.  intensity  of  the  incident  light 

D.  energy  of  an  incident  photon 
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28.  Copper  has  a work  function  of  4.46  eV.  What  is  the  maximum  kinetic  energy  of  the 
ejected  electrons  if  the  metal  is  illuminated  by  light  with  a wavelength  of  450  nm? 

A.  2.72  X 10"'®  J 

B.  4.42  X 10“'®  J 

C.  7.14  X 10“'®  J 

D.  0 J,  because  no  electrons  are  ejected 


29.  Louis  de  Broglie  proposed  that 

A.  the  energy  absorbed  by  an  atom  is  the  same  as  the  energy  released  by  an  atom 

B.  if  light  has  particle  properties,  then  particles  have  wave  properties 

C.  the  intensity  of  light  controls  the  current  in  the  photoelectric  effect 

D.  energy  and  mass  are  related 

30.  A burglar  knows  that  an  alarm  in  a certain  museum  makes  use  of  the  photoelectric 
effect.  Ultraviolet  light  shines  on  a photocell  with  a work  function  of  5.01  eV.  Any 
break  in  the  light  will  set  the  alarm  off.  The  burglar  realizes  that  if  he  shines  his  own 
ultraviolet  light  source  at  the  photocell,  he  can  ensure  that  there  is  no  break  in  the 
light  and  that  the  alarm  will  not  be  set  off.  He  obtains  an  ultraviolet  light  source 
with  a frequency  ofl.lSxlO^^  Hz.  Will  he  be  successful  in  his  burglary  attempt 
and  why? 

A.  No,  because  the  frequency  of  the  burglar’s  light  is  too  low  for  the  photocell  to 
function. 

B.  No,  because  the  frequency  of  the  burglar’s  light  is  too  high  for  the  photocell  to 
function. 

C.  Yes,  because  the  frequency  of  the  burglar’s  light  is  low  enough  for  the 
photocell  to  function. 

D.  Yes,  because  the  frequency  of  the  burglar’s  light  is  high  enough  for  the 
photocell  to  function. 
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Use  the  following  information  to  answer  the  next  two  questions. 


Robert  Millikan  showed  experimentally  that  Einstein’s  photoelectric  equation 
E\c  = hf-  W was  valid.  Using  a variety  of  cathode  materials,  he  measured 
the  maximum  kinetic  energy  of  photoelectrons  while  varying  the  light 
frequency.  The  graph  shown  is  typical  for  a particular  cathode.  The  dotted 
line  is  an  extrapolation  (extension)  of  the  experimental  data. 


31.  The  value  for  Planck’s  constant  could  be  determined  with  the  expression 


A. 

w 

B. 

w 

z 

C. 

w{z-y) 

2 

D. 
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32. 


The  work  function  of  the  cathode  material  is  equal  to  the  expression 


A. 

W - V 

z 

B. 

w 

z 

C. 

-X 

D. 

3^ 

33.  An  atom  has  energy  states  = -4.8  eV,  E2  = -2.4  eV,  £3  = -1.2  eV,  E^  - -0.80  eV, 
and  E^  = -0.40  eV.  The  wavelength  of  emitted  light  when  an  electron  in  the  atom 
makes  the  transition  E^io  E^  is 


A. 

2.6  X 

B. 

3.1  X 

C. 

1.6  X 

D. 

5.0  X 

10“'' m 
10“'' m 
10“*’m 
10“®m 


Use  the  following  information  to  answer  the  next  question. 


In  December  1994,  research  physicists  in  Darmstadt,  Germany,  announced 
that  they  had  detected  three  atoms  of  a new  element.  With  111  protons  and 
161  neutrons,  this  lab-made  element  had  the  highest  atomic  number  known 
to  that  date.  To  create  element  1 1 1,  the  physicists  bombarded  bismuth  atoms, 
which  have  83  protons,  with  a beam  of  nickel  atoms,  which  contain  28 
protons.  Signals  of  the  three  atoms  of  element  1 1 1 appeared  for  less  than 
two-thousandths  of  a second.  The  atoms  then  decayed  into  lighter  elements 
and  alpha  particles.  One  of  the  isotopes  produced  in  the  decay  was  element 
107  with  a mass  number  of  264.  This  isotope  had  never  previously  been 
observed. 

Note:  Because  neither  element  111  nor  element  107  had  been  officially 

named,  element  111  was  referred  to  as  X and  element  107  was  referred 
to  as  Y. 


34. 


The  overall 


A. 

B. 

C. 

D. 


161  ^ 
111  ^ 
272 
111 

161  V 
111  ^ 
272 


X 


111 


X 


nuclear  equation  for  this  decay  reaction  is 
^ + 2^He 

^ + itne 

^ + 4*Be 
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Use  the  following  information  to  answer  the  next  three  questions. 


Smoke  Alarm 

To  the  alarm,  which 
will  sound  when  the 


Half-Life  of  Selected  Isotopes 


Element 

Isotope 

Half-life 

Radiation  produced 

hydrogen 

12.3  a 

B 

carbon 

'eC 

5715  a 

B 

iodine 

131y 

53^ 

8.04  d 

B 

lead 

82^0 

10.6  h 

B 

polonium 

84rO 

0.7  s 

a 

polonium 

84^0 

138  d 

a 

uranium 

227ti 

92^ 

1.1  min 

a 

uranium 

235ti 

92^ 

7.04  X 10*  a 

a 

uranium 

238ti 

92^ 

4.46  X 10^  a 

a 

plutonium 

236d 

94PU 

2.87  a 

a 

plutonium 

242„ 

94PU 

3.76  X 10^  a 

a 

Legend:  a = annum  = year 
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35. 


Given  the  specifications  of  this  smoke  alarm,  which  of  the  following  isotopes  could 
be  used  as  a radioactive  source? 


A. 

B. 

C. 

D. 


14 

6 

194 

84 

236 

94 


c 

Po 

Pu 


238 


36.  The  product  of  the  alpha  decay  of  92  U is 


A. 

B. 

C. 

D. 


234 

90 

232 

90 

232 

92 

234 

90 


Th 

Th 

U 

U 


Numerical  Response 


IE9  Tritium  (j  H),  an  isotope  of  hydrogen,  was  once  used  in  some  watches 
to  produce  a fluorescent  glow.  Assuming  that  the  brightness  of  the  glow 
is  proportional  to  the  amount  of  tritium  present,  the  length  of  time  it  would  take 

for  the  watch  to  reach  ^ of  its  original  brightness  is years. 

(Round  and  record  your  answer  to  three  digits.) 


37.  To  calculate  the  amount  of  energy  given  off  during  a fusion  reaction,  the  equation 
that  should  be  used  is 


A.  E = hf 

B . E = ^ mv^ 

C.  E = mc^ 
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I Written  Response  — 11  marks  | 

I 1. 1 An  astronaut  has  just  landed  on  an  unknown,  uninhabited  planet  and  has  to  send 
some  information  about  the  planet  back  to  Earth.  Assume  the  astronaut  has  all  of 
the  equipment  needed  to  perform  the  necessary  experiments. 

Using  physics  concepts  as  well  as  any  related  formulas,  describe  procedures  that 
could  be  used  in  order  to: 

• measure  the  magnitude  and  direction  of  the  gravitational  field  at  the  astronaut’ s 
location  on  the  unknown  planet 

• determine  whether  or  not  there  is  an  electric  field  at  the  location  and,  if  there  is, 
to  determine  its  magnitude  and  direction 

• determine  whether  or  not  there  is  a magnetic  field  at  the  location  and,  if  there  is, 
to  determine  its  direction 

Note:  A maximum  of  8 marks  will  be  awarded  for  the  physics  used  to  solve  this 
problem.  A maximum  of  3 marks  will  be  awarded  for  the  effective 
communication  of  your  response. 
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Use  the  following  information  to  answer  written-response  question  2. 


time  (s) 

p^  kg-m/s 

Comput 

2.00  kg 
Py  kg-m/s 

er-Genera1 

\p\  kg«m/s 

led  Data 

kg-m/s 

1.00  kg 
Py  kg-m/s 

\p\  kg*m/s 

0.000 

18.0 

0.00 

18.0 

0.00 

4.00 

4.00 

0.020 

18.0 

0.00 

18.0 

0.00 

4.00 

4.00 

0.040 

18.0 

0.00 

18.0 

0.00 

4.00 

4.00 

0.060 

18.0 

0.00 

18.0 

0.00 

4.00 

4.00 

0.080 

18.0 

0.00 

18.0 

0.00 

4.00 

4.00 

0.100 

18.0 

0.00 

18.0 

0.00 

4.00 

4.00 

0.120 

18.0 

0.00 

18.0 

0.00 

4.00 

4.00 

0.140 

18.0 

0.00 

18.0 

0.00 

4.00 

4.00 

0.160 

18.0 

0.00 

18.0 

0.00 

4.00 

4.00 

0.180 

12.5 

7.31 

14.5 

5.48 

-3.31 

6.41 

0.200 

12.5 

7.32 

14.5 

5.47 

-3.32 

6.40 

0.220 

12.5 

7.32 

14.5 

5.47 

-3.32 

6.40 

0.240 

12.5 

7.32 

14.5 

5.47 

-3.32 

6.40 

0.260 

12.5 

7.32 

14.5 

5.47 

-3.32 

6.40 

0.280 

12.5 

7.32 

14.5 

5.47 

-3.32 

6.40 

0.300 

12.5 

7.32 

14.5 

5.47 

-3.32 

6.40 

0.320 

12.5 

7.32 

14.5 

5.47 

-3.32 

6.40 

0.340 

12.5 

7.32 

14.5 

5.47 

-3.32 

6.40 

0.360 

12.5 

7.32 

14.5 

5.47 

-3.32 

6.40 

0.380 

12.5 

7.32 

14.5 

5.47 

-3.32 

6.40 

0.400 

12.5 

7.32 

14.5 

5.47 

-3.32 

6.40 

Note:  and  p^  are  the  x and  _y  components  of  a momentum  vector  p . 


Two  Dimensional  Collision 
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I Written  Response  — 10  marks  | 

I 2, 1 A 2.00  kg  ball  and  a 1.00  kg  ball  collide.  Their  original  directions 
of  motion  are  as  indicated  in  the  diagram.  A computer  program  that 
simulates  this  collision  generated  the  data  on  the  previous  page. 

a.  Indicate  on  the  diagram  the  approximate  direction  of  motion  for 
each  ball  after  collision. 


b.  Determine  the  speed  of  each  ball  before  and  after  the  collision. 


c.  Determine  the  angle  between  the  balls  after  the  collision. 


(parts  d.  and  e.  are  on  the  next  page) 
25 
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d.  Show  that  the  total  momentum  before  the  collision  is  equal  to  the 
total  momentum  after  the  collision. 


e.  How  much  kinetic  energy  is  lost  as  a result  of  this  collision? 


You  have  now  completed  the  examination. 

If  you  have  time,  you  may  wish  to  check  your  answers. 
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